Abstract. Limited by the explosion-proof safety level, the coal mine gas robot needs to avoid the dangerous area of gas. In this paper, a hybrid particle swarm optimization algorithm combined gray neural network of the gas distribution prediction method are proposed to get more accurate prediction of the gas distribution ahead 10m of coal mine robot, considered the main factors that affect the concentration of gas, such as temperature, wind speed and direction, distance and so on. Experimental results show that the overall prediction accuracy of the HPSO-GNN prediction method is improved compared to the GNN prediction method. The method can accurately predict the gas concentration distribution area, and provides a basis for the coal mine robot to avoid the dangerous area of gas, and ensure the safety operation of the coal mine robot in the coal mine.
Introduction
Coal mine safety regulations specifies strict standards and regulations on the equipment used in coal mine, If coal mine robots robot is to be work in risk areas or potential hazardous areas, its safety standards must be higher than that of the other equipment used in coal mines, and its explosion-proof grade need to reach the level of intrinsic safety 'ia'. Therefore, the coal mine robot cannot enter dangerous gas distribution area to avoid a secondary explosion when performing environmental detection and relief tasks. The basic prerequisite for the coal mine robot to avoid entering the gas danger area is the ability to clear the gas distribution area. If the method of measuring gas concentration while walking is adopted, that not only decreases the efficiency of the coal mine robot, but also consumes a lot of energy and time, this is not feasible for coal mine robot powered by batteries. Many scholars at home and abroad had done much in the prediction of gas concentration, mainly in comparing predicted model [1] , improvement of prediction model [2] ,effective prediction methods or algorithms [3, 4] , combination forecasting model, [5, 6] and so on. However, these studies mostly focused on forecasting methods and modeling, the data used is usually obtained from a place for a long period of time, or some key sampling-points data in mining face ,fully mechanized coal face or excavation roadway, and the sensor is also used for a fixed installation of a single sensor, Very few people obtained the gas data by continuously measuring an area, notwithstanding the gas in coal mine obeys regional distribution and migration law [3] , the environment in coal mine is always very complex, there are many factors influence gas concentration and gas distribution area, so it is meaningful and valuable to predict the gas concentration and gas distribution in a short period. In addition, so far there is no report of forecasting for gas distribution area.
In view of the above questions, this paper obtains intensive gas concentration data of excavation roadway when coal mine rescue robot walks and measures once every 0.5m in length and width directions, and the gray neural network (GNN) of the gas distribution prediction method is proposed to predict gas distribution. And then the hybrid particle swarm optimization (HPSO) algorithm is puts forward to optimize GNN's weights and thresholds. It can effectively avoid the occurrence of gas explosion caused by sparks when the mine robot rolls or collides with something else, and can forecast potential gas accumulation area and provide effective basis for the rescue decision.
Algorithm Principle

Gray Neural Network
Grey neural network is an organic combination of grey system and neural network, which can predict the change and development of uncertain system. In formula (3). 1 2 , ,..., n m m m are input parameters, 1 m is output parameter of system, and 1 2 , , ,..., n a b b b are the coefficients of the differential equation.
HPSO Algorithm
In the standard PSO algorithm, the particles need to be assembled at the best location that their own and groups go through. Hybrid particle swarm optimization algorithm is a hybrid algorithm which is used to improve the particle diversity, enhance the global search ability, and enhance the convergence speed and precision, it applies other evolutionary algorithms or techniques to standard PSO algorithms. This paper uses the HPSO algorithm based on natural selection, it is integrated into the mechanism of natural selection, based on particle swarm particle swarm fitness reordering, half of the worst particle population is half of the best particle is replaced, while preserving the original optimal values after each particle, the algorithm can better balance the global and local search ability and enhance the convergence speed and accuracy. The steps of HPSO based on natural selection are as follows:
①
Random set the velocity and position of each particle.
②
The fitness of each particle is evaluated, and the position and the fitness value of the particle are stored in the particle's individual extreme value best P , all the optimal individual position and the fitness value of best P are saved in the global extreme value best g .
③
Update the position and velocity of particle
, ,
The fitness value of each particle is compared with the best position of the particle, If the results match closely enough then the current value will be used as the best position of the particle. Compare current all best P and best g , update best g .
⑤
Sort particle swarm based on adaptive value, the worst half particles of the population is replaced by the best half, while preserving the original historical optimum value of each individual memorized.
⑥
When the algorithm reaches its stop condition, the search stops and the outputs result. Otherwise it returns to step ③ continue the search.
Prediction Model of Gas Distribution Area
Gas prediction is a nonlinear problem, it is uncertain system. The prediction model of gas distribution area is, at bottom, fitting the prediction of gas distribution area through training the measured gas data and the main influencing factors by HPSO-GNN, then use it to predict the gas distribution area ahead 10m of coal mine robot. In order to adapt to the nonlinear time-varying system, the historical input and output of the system are introduced into the prediction model, namely the dynamic characteristics of the system are included; In addition to meet the requirements of real-time, the most newly determined data of coal mine robot is selected as the sample, and the dynamic prediction of the fitness function is optimized.
Considering that GNN is easy to fall into the local optimum and low prediction accuracy, this paper proposes the method of optimizing GNN weight and threshold value by HPSO. Firstly, pre-process the sample data collected from the gas monitoring module of the coal mine detection robot, and establish the nonlinear mapping relation of HPSO-GNN, then make accurate prediction of the gas concentration in the next short period of time. A set of values that HPSO optimized with best fitness were assigned to the GNN parameters, and then continue the subsequent processing, the specific optimization algorithm steps are as follows: ③ set the dimension of the particle swarm, the parameters of grey neural network model are used as the particles in HPSO and are initialized.
④
The fitness function of the particle is calculated as the particle's fitness function.⑤ According to the formula (3) and (4) to update the position and velocity of a particle, Compare current all best P and best g , update best g .⑥ Sort particle swarm based on adaptive value, the worst half particles of the population is replaced by the best half, while preserving the original historical optimum value of each individual memorized.⑦ Analyzing HPSO algorithm is ended, if completed, assigned the global optimal solution to GNN parameters a , i b , otherwise it returns to step ⑤ continue the search.
⑧
Carry out subsequent calculation and result output.
Experiment and Result Analysis Experimental Survey
The experiments on the prediction of gas distribution area for coal mine robot are carried out in the roadway of Huainan Mine, which length is 50 meters and width is 3 meters. The walking speed of coal mine robot is 1m/s, upload all sensor data each walk 0.5 meters in length and width direction. Figure 1 shows the coal mine robot walking in the roadway, Search and rescue mission requires multiple robots to complete, each robot needs to detect different regions. The gas and the related environmental data collected by the coal mine robot in the first 20 meters in the roadway are used as the sample to build the model. 
Initialization and Prediction Process
The main influencing factors of gas concentration prediction for coal mine robot in coal mine roadway [7] are current position's gas concentration, ambient temperature and wind speed, meanwhile, the more input features, the better prediction effect of the forecast model. Therefore, this paper presents a method to forecast the gas distribution area 10 meters ahead of the coal mine robot using the data information of the current position and the first meters.
To solve this problem , using the HPSO to optimize the parameters a , 1
b , the parameters of the grey neural network after training are shown in Table 1 .The HPSO and the traditional PSO algorithm are compared to verify the convergence performance of the HPSO algorithm, Figure 2 shows the comparison of the results of the optimized Schaffer function, the error precision required can be attained after 53 iterations with PSO optimization, and with the HPSO optimization is required 16 iterations, compared with the traditional PSO algorithm, the HPSO algorithm's search speed and convergence accuracy are significantly improved, and the optimization effect for GNN is better. 
Analysis of Experimental Results
Based on processed sample data, the gas concentration 10 meters ahead of the coal mine robot were predicted respectively by GNN, PSO-GNN and HPSO-GNN, the comparison results are shown in Figure 3 . As can be seen from the figure that the three model has good results for the prediction of gas concentration in the first few meters, however, the more the distance increases, the more the predictive value deviates from the actual value, the predictive value of GNN model is closer to actual value within the first two meters, then the predicted value starts to deviate from the actual value, and the overall prediction error is larger. Gas area distribution maps of 10 meters in front of coal mine robot are drawn based on GNN forecast data, HPSO-GNN forecast data and actual gas data, respectively. As shown in Figure 4 , (a) is gas distribution map of GNN prediction, (b) is gas distribution map of HPSO-GNN prediction and (c) is the measured gas distribution map, the tag number 1, 2 and 3 in the figure indicate the gas concentration contour, the larger the number, the higher the gas concentration. It is obvious that the HPSO-GNN prediction method proposed in this paper can achieve the accurate prediction of the gas concentration distribution area.
Summary
To ensure that the coal mine robot can effectively avoid the dangerous gas area for quick and safe operation, and Improving its intelligence, this paper presents a prediction method of HPSO-GNN to get more accurate prediction of the regional gas distribution ahead 10m of coal mine robot, considered the main factors that affect the concentration of gas, such as temperature, wind speed and direction, distance and so on, and the basis is provided to avoid the coal mine robot enter the dangerous gas area. Experimental results show that the overall prediction accuracy of the HPSO-GNN prediction method is improved compared to the GNN prediction method. Gas area distribution maps of 10 meters in front of coal mine robot are drawn with the forecast data and actual data respectively, By comparison it can be found that the difference between HPSO-GNN forecasted gas distribution areas and the measured gas distribution areas are insignificant, the distribution characteristic and concentration contour are approximately in accordance with the measured values. Therefore, the prediction method proposed in this paper can accurately predict the gas concentration distribution area, and provides a basis for the coal mine robot to avoid the dangerous area of gas, thus avoiding the occurrence of the gas explosion caused by the mine robot itself or the ground friction sparks. This ensures the safety operation of the coal mine robot in the coal mine.
